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(54) Title: PRCXESS FOR THE PRODUCTION OF SINTERED POROUS BODIES 

^j* (57) Abstract: The invenrion relates to a process for the production of sintered porous bodies, lo pomus bodies produced corre- 
2 spondingly using the process, and lo their use. With the solution according to the inveniion. sintered bodies which achieve improved 
properties, such as an increased surface area, deformability of the simctures at room temperature or modification of the initial pore 
volume, arc lo be produced. To this end, at least one siniering-aciive powder which forms at least one intermetallic phase or mixed 
crystals is applied to the surface of a ponjus basic body. Heat ircaimeni is to be carried uul sub.scqucnily. in which intcrmciallic 
^ phases or mi.Ncd crysial.s which increase the specific surface area can be fomied. 
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Process for the production of sintered porous bodies 

The invention relates to a process for the production 
of sintered porous bodies and to porous bodies produced 
5 by the process and to their use. 

Porous bodies of this type can, in contrast to metal 
foams which are known per se, also be employed at 
elevated temperatures^ even up to above 1800^0, which 
10 is also desired for. use as filters or catalyst supports 
for various applications : 

In addition, the foams or bodies produced using the 
known processes only meet the requirements .regarding 
15 the achievable specific surface areas to a limited 
extent, and production is likewise ^ frequently expensive 
as a consequence of the technology. 

Bodies or elements of this type are also desired for 
20 use as lightweight thermal insulation elements, where 
upper temperature limits and chemically aggressive, 
corrosion-promoting ambient conditions frequently 
prevent use. 

25 In order to counter these disadvantages, it has been 
described, for exainple in US 5,951,791 and US 
5,967,400, how a nickel foam can be coated on the 
surface with nickel aluminide by means of PVD or CVD 
processes which are known per se. However, these 

30 coating processes set limits with regard to the achiev- 
able penetration depth into the porous foam structure, 
are associated with considerable costs, and a signifi- 
cant increase in surface area and acceptable deposition 
rates with which corresponding layer thicknesses of 

35 nickel aluminide are attained generally cannot be 
achieved. 

The object of the invention is therefore to propose a 
process for the production of sintered porous bodies 
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which achieve iinproved properties, such as an increased 
surface area of such bodies, def ormahility of the 
structures -at room ten5)erature or modification of the 
initial pore volume. 

This object is achieved in accordance with the 
invention by means of a process having the features of 
claim 1. Advantageous embodiments and refinements of 
the invention can be achieved with the features 
mentioned in the sub-claims. 

A sintered porous body produced in accordance with the 
invention has intermetallic phases or mixed crystals in 
^u rface regions, i.e. also within the pore structu^^^^ 
or is formed entirely of these intermetallic phases or 
mixed crystals. • In_the former ease, it is not nec esgarv 
^to_^t th e entire surface with intermetallic phases o r 
""^c^^jg^5irsTs^_^t_ is also~^ssiblgIZor-cax: tain surfaci 
^ggi^^a— fco-^g^^e lected an d__c orrespondingly modified in 
^^_targetedjnanne^ chemical and physical pro- 

perties also to be correspondingly influenced locally. 

The porosity is essentially determined by a porous 
basic body likewise used in the production which serves 
as support for the elements forming the intermetallic 
phases or mixed crystals. For this purpose, elements 
forming intermetallic phases or mixed crystals are 
applied to and introduced into the structure, as will 
be explained in greater detail below, and the phases or 
mixed crystals are formed by means of heat treatment, 
with th e pore size ge nerally being_red uced conpa red 
with_the initial^po re size of the b asics«-rnir-<-,,T-a used 
43L-gach--cage..,....but J:he overall ef fecti^re~surf a^ area is 
increased . ^ 



The porosity of the bodies is in the range from 70 to 
99.5% of the theoretical density. 
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The intermetallic phases or mixed crystals can be 
formed from at least two elements selected from nickel, 
iron, titanium, cobalt, aluminiam, copper, silicon, 
molybdenum or tungsten. However, preferen ce is given to 



5 aluminides or sili cides , with nickel^alum ln^ 

particular Iv preferred- Thus, for e xample, _jii£keX- 
} altiminide can be formed on a porous nickel basic 
•-sirnieEureii Tt being possible for the nickel basic 
^^sEructure to form a ductile core. These elements can be 
10 einployed as powders, and the intermetallic phase or the 
mixed crystals can then be formed with the basic body 
material. However, it is also possible to employ powder 
mixtures with elements which form phases or crystals of 
this type. pow der mixture may also additionally 

15 comprise elements which form al loys (for example Cr, 



^?ar Di T""""5n or zn) i n an a mount of up to 20% by 



weight 



The increased s urface area of these porous bodies 
20 ^enables th gn to achieve an improved filter action or be C^^^L 
advanta geou sly em pl oyed with additional^ elements or 

substances actin g ^as — Ga-fea-lysfe.> — it — being possible to 

fall back on ones that are known per se, such as, for 
exan5>le, platinxam or rhodium. Increased thermal 
25 stability also facilitates applications which were 
hitherto impossible. 

The strength and thermal behavior can furthermore be 
improved if in addition reinforcing components are 

30 integrated into a porous body or embedded in a surface 
coating. Reinforcing components of this type are, for 
example, SiC, Zr02, AI2O3, TiBa and/or Hf02. These can be 
applied with the coitiponents forming intermetallic 
phases or mixed crystals before the heat treatment or 

35 alternatively formed reactively before, during or after 
the heat treatment for the formation of the inter- 
metallic phases or mixed crystals. In this way, it is 
also possible to incorporate fianctional components, 
which influence, for example, the oxidation behavior. 
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^^poxoa ^ody according bo th., .,^.....,-...^-.^ , ^ 



A possx^le procedure in the production is that a 
suspensxon/dispersion co^rising at least sinterL- 
actxve powder which fox^s an inter^etallic phase or a 
^xed crystal is applied to a porous basic .ody L 

— RQWgers_ ri-F ^u^ j_. : . ^^uween 



between the .ow^ ^--^^^^^^^^iSB-JS^t^ 
-^^^^^f^-^^^^^^^^^n^^ basic su bstrate. This can be 

heat rll' r/"" -^^^^^^^^^^^^^^^^ followe" ^ 

meLn T " '"^^ °^ ^--t one inter! 

metallic phase or mixed- cr-^stal fn^ . ... 

at the sa„e '=^..jasJ»St_ta»aaBi^^teula be 



15 



20 



sintering^ a Powdg_g; ^5;;diF-Sdxe^ 



30 



T he suspension/dispersion may additipnall ^ 
- suspension/dispersion co^rises an organic bLL; 

::te:L/ ."^^'^ - p-'us 

^terxal for exaz^pie .elaxnine or pur foa. has been 
teinperatures not exceec"-^ ^-^^ 



JLSO^Cand generally below. 

P.rtlc„l„lj, sinte.i„g-active powder, or powfler 
™e, ccprising elements „Mch ior™ i„ter.et.u" 
Phases ,for exe^le „ic..el „a .l^n^, enable a 
s^^a£.=«,t lowering of th. requisite sinteri™ 
te^eratures, enabUn, intex^etallic phases of ele-ne^:' 
actually retire si^ifioantl. higher siaterL" 
te^ratures also to be obtained c„ porous bodiL 
produced r„ a=c,rd«,ce with the invention. Thus the 



35 
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temperatures necessary for this purpose can be reduced 
. down to 500°C, which is several 100^ below the actual 
temperatures • required, 

5 Thus, sintering and titanium aluminide formation can be 
carried out at a temperature of. only about 500°C. 

Sintering-active powders of this type which are. 
suitable for this purpose are described in DE 44 18 598 
10 Al and DE 197 22 416 Al, the full disclosure content of 
which is incorporated herein by way of reference. 

However, sintering-active powders of this type can also 
be obtained by modified grinding methods o.r coating 
15 methods. The powders to be used are advantageously 
subjected to a high-energy* grinding process, in which 
the elements of the powder or powder mixture adopt the 
form of fine lamellae and phase formations should be 
avoided. 

20 

However, a powder or powd er mixture of this type can 
also bi ^^lied airectly ^t o surf aces of a porous basic " 
jo dy w ithout carrying out the preparatio n of a ' 
sus pension/dispersip n^^^^ and the intermetalli c^^phases or 
25 mixed crystals can be formed during the heat treatment, 
without the need for drying. " 



In this case, but also in other cases, a change in the 
surface energy or interfacial tension may be favorable. 
30 This can be achieved, for exantple, by physico-chemical 
processes known per se. If powders are applied alone, 
electrostatic charging, for example of the basic body, 
may be advcuitageous . 

35 The interfacial tension between the surface of the 
basic body can be influenced, for example, by means of 
a suitable agent, which can be added to the 
suspension/dispersion. This can be, for example, a 
surfactant, with which the wettability can be improved. 



10 
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Thus, in particular, intermetallic phases can be formed 
with aluminum or silicon powder if a metallir porous 
Jaasic body; for exaag^le of nickel or molybdenum, is 
used. ^wever, thTblsic body can' also be formed from ' 
* othe rjHecaxs wnich correspw id to the suitable powfjoT-e-" 
.^^jne ntioned above^ ^ " ~ . ^ 

However, it is also possible_to_^ply mixtures of 
^Bgwd ers of this type which are^iTTe^lT't^ different " 
^ elements. . preferably by means of a suspension/ disper-^ 
-ajon ^ and which form inte rmetallic phases or mixed"" 
crystals^ ' ~ — ■ — — . 



25 



The starting powders should be finely ground, wherever 
15 possible under inert ambient conditions (for example 
argon), so that the mean particle size (d50) is less 
than 0.15 mm, preferably less than 0.05 mm. Use is 
preferably made for this purpose of a high-energy 
grinding process which excludes extensive phase 
20 formation during the grinding. 

The suspension/dispersion essentially formed from water 
and coinprising sintering/active powders or powder 
mixtures prepared in this way can then be applied to 
fi^?°£?^^^i__^HiS_-^o^^_J^ai^ can be ca rried out by 
dipping, sprayi ng, or by means of pressure support, in 
the latter case, the suspension/dispersion can be 
pressed into the porous basic body or sucked through 
it., — The RUBnenaion/ dispersion may additionally als o 
30 ^ comprise organic binde rs . ■ 

The__d ensity^ and porosity of_ the_Jinished body can be 
influenced, in particular, th roug h~thr~type and mannerj 
of powder app lication, it is possible to set ara di^nhs 
of these parameters in which different densi tiesT'^^g r" 
siz es and/or porosi.ties octinT- at- «->,p o^ irface, in the 
r egion close to the surface and in the int erior of the 
bodies . ' ■ • 
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Thus, for example, the pores of the basic body 
filled at least pa^^tially with a powder or powder 



mixture, ajld the intermetallic phase or mixed crystals 



can s\ibsec[uently be formed. 



It is then also possible for porous particles which 
increase the specific surface area to be formed in the 
pores • 

10 The adhesion of a powder or powder mixture can be 
improved for application to a porous basic body. This 
enables losses to be reduced* 



There are various possibilities for this purpose. Thus, 
15 magnetization can be carried out with the aid of 
correspondingly suitable permanent magnets or also 
electromagnets. Magnetization of this type can be 
carried out here on a porous basic body whose material 
has ferromagnetic properties, as is the case, for 
20 example, in a porous basic body made of nickel. 
However, magnetization of a powder or powder mixture 
can in the same form also result in the same effect, 
with at least one constituent in the powder having 
ferromagnetic properties of this type in this case. 

25 

It is of course possible for both basic bodies and 
powders to be magnetized correspondingly, enabling an 
additionally increased attractive force and 
correspondingly improved adhesion of the powder to be 
30 ensured before the sintering. 

However, electrostatic charging can also be carried out 
in similar form, which in turn can likewise be achieved 
merely on the basic body or the powder or powder 
35 mixture or on both with opposite polarity. However, 
electrostatic charging can also be carried out on 
porous basic bodies, powders or powder mixtures, with 
in this case no requirements regarding ferromagnetic 
properties being made, but instead it even being 
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10 



possible for porous basic bodies made from organi 
materials to be electrostatically charged in 
corresponding manner. 



However, the elements forming intermetallic phases or 
nuxed crystals can also be applied to a porous basic 
body as teitporaiy liquid phase and the intermetallic 
phases or mixed crystals can be formed by heat 
treatment. The formation of liquid phases is also 
possible for a short time during sintering. Thus, for 
exanple. aluminum is in molten form at a temperature of 
only about SSO'C and can thus form nickel aluminide 
with nickel. 



20 



25 



30 



" .i,Pg!! g.^^ "^xture __can_congrj^e_^^_j ^ast two elements 
naving melting points which differ by up to about 500=K 
from one another, i.e. an element of relatively low 
melting point and an element of relatively high melting 
point, intermetallic phases or mixed crystals can only 
be formed here by the element having the relatively low 
melting point, where appropriate during passage through 
a ten^Jorary liquid phase, and the element having the 
relatively high melting point can merely be sintered. 

The invention will be explained in greater detail below 
with reference to exeuijjles. 

Example 1 



A mixture of .jii^kel_powd^^ powdez in the 

atomic ratio SOrSoTh^^^IHTTmean ^^^ii^ size dSO of 
< 0.05 mm, was finely ground and mixed in a Fritsch 
planetary ball mill for 2 hours at a speed of 200 min'^ 
in an argon atmosphere. However, no significant phase- 
35 formation processes occurred. 

.jft^^uspe nsion/dis pe rsion of wat er_ with 3% by wei ght of 

IS organic binder wls prepafecT" 
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using the powder mixture prepared in this way. A 
binder/solids ratio of 3:100 was set in the dispersion. 




15 



20 



35 



Dorousbody^ofnic]^^ t^ailable/f rom 

INCO, was impregnated with the suspension by dipping 
and siibsequently dried, and the binder was removed by 
heating to a ten^erature of about 400°C- 



The heat treatment for the formation of nickel 
10 aluminide as intermetallic phase on the surface of the 
nickel basic body was carri^^out at lOOO^C under argon 
for a period of 1 hour. 



Example 2 




In this example, a porousr PUR basic^^Jsody was dipped 
into a suspension in acciDTdMLce with Example 1, 
s\ibsequently dried and then subjected to two-stage heat 
treatment . 

In a first stage, the organic constituents were removed 
at a temperatxire of about 450°C, This was carried out 
over a period of 30 minutes. 

25 An adequate green strength was already achieved in this 
stage . 

In the second stage of the ijiea-tr-^reatment , the 
tentperature was increased to /l030^cyand work was 
It in a hydrogen atmosphere. After a period of 
the porous body formed exclusively from nickel 
Lnide was cooled. 

Example 3 




The suspension used here and the, porous basic body 
correspond to Example 1. 
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The suspension was merely sprayed on all sides onto the 
surface of the porous basic body consisting of nickel 
using so-called wet powder spraying. 

The heat treatment was likewise carried out analogously 
to Exantple 1. 
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1- A process for the production of a sintered porous 
body, in which 

5 at least one sintering-active powder which forms 

an intermetallic phase or mixed crystals is 
applied to the surface of a porous basic body, 
a heat treatment is sxibsequently carried out, 
and intermetallic phases or mixed crystals which 
10 increase the specific surface area are formed 

during the heat treatment, 

2. A process as claimed in claim 1, 

wherein the mixed crystals or intermetallic phases 
^5 are formed with elements present in the powder. 

3. A process as claimed in claim 1, 

wherein the mixed crystals or intermetallic phases 
are formed from the powder and the basic body 
20 material. 

4. A process as claimed in any one of claims 1 to 3, 
wherein the mixed crystals or intermetallic phases 
are formed in areas on th e surface of the basic 

25 body. 



5. A process as claimed in any one of claims 1 to 4, 
wherein use is made of powders selected from 
nickel, iron, titanium, cobalt, copper, aluminxom, 

30 silicon, molybdenum, t\angsteh, Cr, Ta, Nb, Sn, Zn 

and bismuth, as well as powder mixtures of these 
elements . 

6. A process as claimed in any one of claims 1 to 5,. 
35 wherein powders having particle sizes of less than 

0 . 15 mm are used. 



7. 



A process as claimed in any one of claims 1 to 6, 
wherein a nickel /aluminxom powder mixture is used. 
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8. A process as claixned in clain, 7, wherein nic.el 
and alumxnum are each employed in the same atomic 
ratio. 

Lrr'n ".^^^^^^ - 7 or 8, .herein 

nackel aWnide is formed on a porous nicJcel 
basic body which forms a ductile core.. 



10 10. 



A process as claimed in any one of claims 1 to 9 
Wherein the starting powders are finely ground 'in 
an anert atmosphere. 

11. A process as claimed in ax:y one of claims 1 to lo 
Wherein a powder obtained using a high-ener^ 
gxzndzng process while avoiding phase formation 

and xn which the elements ar-i:* -ir. ^ 

cxcanencs are m the form of fine 

iamellae is used. 

A process as claimed in any one of claims 1 to 11 
Wherein the pores of the basic body are at leas^ 
paxtxally filled with the powder before the 
formation of intermetallic phases or mixed 
crystals. 



20 12, 



30 



35 



13. A process as claimed in any one of claims 1 to 12 
wherein a powder mixture with at least one element 
of relatively high melting point and at least one 
element of relatively low melting point is used. 

14. A process as claimed in claim 13, 

wherein at least the element having a relatively 
low melting point forms inter^etallic phases or 
nuxed crystals with the basic body material. 

15. A process as claimed in claim 14 

wherein the intermetallic phase 'or mixed crystals 
are formed after formation of a temporary liquid 
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phase of the element having a relatively low 
melting point. • 

A process as claimed in any one of claims 1 to 15, 
wherein porous particles are formed in the pores 
of the basic body in order to increase the 
specific surface area. 

17. A process as claimed in any one of claims 1 to 16, 
wherein the heat treatment is carried out at a 
sintering temperature which is suitable for the 
powder or powder mixture employed. 

18. A process as claimed in any one of claims 1 to 17, 
wherein the powder or powder mixture is applied to 
the porous basic body in a suspension/dispersion 
and drying is carried out before the heat 
treatment . 



16, 

5 



20 19. A process as claimed in any one of claims 1 to 18, 
wherein a porous basic body made of a metal is 
used. 

20. A process as claimed in claim 19, wherein a porous 
25 basic body made of nickel is used. 

21. A process as claimed in any one of claims 1 to 18, 
wherein a porous basic body made of a porous 
plastic is used. 

30 

22. A process as claimed in any one of claims 1 to 21, 
wherein the organic components are expelled by 
means of a heat treatment with a maximum 
temperature of ISO^C before formation of the 

35 intermetallic phases or mixed crystals - 



23. 



A process as claimed in any one of claims 1 to 22, 
wherein a suspension/dispersion comprising organic 
and/or inorganic binder is used. . 
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10 25. 



15 26, 



A process as claimed in any one of claims 18 to 
23, 

wherein the surface energy or interfacial tension 
IS changed by means of a physico-chemical method 
and/or a substance present in the 
suspension/dispersion before or during application 
of the suspension/dispersion, 

A process as claimed in any one of claims 1 to 24, 
wherein the intermetallic phases or mixed crystals 
are formed exclusively from the powder components 
present in the suspension/dispersion. 

A process as claimed in any one of claims 1 to 25 
wherein the powder, powder mixture or susoersin^'/ 
dispersion is applied by dipping, spraying or with 
pressure support. 

A process as claimed in any one of claims 1 to 26, 
wherein the powder or powder mixture and/ or the 
porous basic body is/are magnetized before the 
application and sintering. 

A process as claimed in any one of claims 1 to 26, 
wherein the powder or powder mixture and/or the 
porous basic body is/are electrostatically charged 
before the application and sintering. 

30 29. A sintered porous body produced by means of a 
process as claimed in any one of claims 1 to 28, 
wherein the intermetallic phases or mixed crystals 
are formed from at least two elements selected 
from nickel, iron, titanium, cobalt, copper, 

35 aluminum, silicon, molybdenum and tungsten. 

30. A body as claimed in claim 28, wherein the 
intermetallic phases are aluminides or silicides. 



20 27, 



25 28. 
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31. A body as claimed in claim 29 or 30, wherein a 
surface coating which increases the specific 
surface area has been formed on a porous core. 

5 32. A body as claimed in any one of claims 29 to 31, 
wherein the surface coating has been formed from 
nickel aluminide or molybdenum silicide. 



33. A body as claimed in any one of claims 22 to 32, 

10 wherein an element acting as catalyst or a 

substance of this type has been adducted on the 
surface . 

34. A body as claimed in any one of claims 29 to 33, 
15 wherein SiC, ZrOz, AI2O3, iyig02 and/or TiBa are 

present as reinforcing components . 

35. A body as claimed in any one of claims 29 to 34, 
wherein a density and/or porosity gradient is 

20 present from the outside inward. 

36. A body as claimed in any one of claims 29 to 35, 
which has been formed from a metallic porous basic 
body provided with a surface coating formed from 

25 intermetallic phases or mixed crystals. 

37. A body as claimed in claim 36, wherein the basic 
body has been formed from nickel, iron, titanium, 
cobalt, aluminiim, silicon, molybdenum or tungsten. 

30 

38. The use of a body as claimed in any one of claims 
29 to 37 as filter or catalyst support. 



